An automated method is described, using standard continuous flow techniques, for the determination of urine fluoride ion concentration using a fluoride ion selective electrode. It is shown that the kinetics of the electrode response to changes in fluoride ion can be used for the accurate measurement of fluoride ion concentration in urine, and that equilibration of the electrode response is not a prerequisite for the measurement of fluoride ion. Recovery experiments are in the range 83 to 90 %; in-batch precision is between 0·9 and ],6 %and carryover 2·5 %or less.
One of the numerous agents used in the treatment of osteoporosis and osteitis deformans (Paget's disease of the bone) has been sodium fluoride, with doses varying from 20 mg to 60 rng a day. The determination of fluoride ion concentration, both in serum and urine, has been shown to reflect daily oral intake of sodium fluoride and to be of use in the monitoring of fluoride therapy (Cowell, 1975) .
A method for the estimation of fluoride ion concentration using a fluoride ion selective electrode in conjunction with a total ionic strength adjustment buffer (TISAB) has been shown to be simple, quick, and accurate (Cowell, 1975) . The maximum manual throughput of this technique is four sample assays an hour, similar to other published manual methods (Barnes and Runcie, 1968; Mu-Wan Sun, 1969; Cernik et al., 1970; Tusl, 1970; Hall et al., 1972) . In the present work an automated procedure has been developed using the kinetics of the fluoride electrode response to changes in fluoride ion concentration. A sample throughput of 30 urine samples an hour has been achieved.
Materials and method
Single junction reference electrode, model 1320-210 (Electronic Instruments Ltd). Laboratory pH meter, model 7030 (Electronic Instruments Ltd). Flow-through cap attachment for the fluoride ion electrode manufactured to the design of Thompson and Rechnitz (1972) , with two modifications; the cap is manufactured in Teflon, not Plexiglas, and the complete structure is clamped together. Flow-through cap attachment for single junction reference electrode manufactured in Teflon (Fig. 1 Curve regenerator (MSE/Fisons Ltd) for use with 100 mY outputs. Recorder (Pye Unicam, AR25) with scale expansion unit. (An electronic step down is necessary from the 100 mY output of the pH meter to 10 mY, as the Pye recorder has 10 mY fullscale input.) REAGENTS Stock fluoride standard, 5 mmol F-/I: 210 mg of sodium fluoride (Analar, BDH) dried by desiccation, dissolved in deionised water, and the solution diluted to one litre. Working fluoride standards: a series of standards in the range, 10 to 100 fLmol F-/1 are prepared by aqueous dilution from the stock standard. These standards are prepared fresh for use. Total ionic strength adjustment buffer (TlSAB) prepared as described by Cowel1 (1975) . Working TlSAB: stock fluoride ion standard is added to the TlSAB to give a final concentration of 15 fLmol F-/l, 0·5 ml of a 35% Brij solution is also added to each litre of TlSAB.
PROCEDURE
The flow diagram is shown in Fig. 2 . Glass transmission lines are used throughout (Walker et al., 1970) . The curve regenerator was set up in accordance with the manufacturer's instructions except that the 'time constant' switch was adjusted to obtain maximum regeneration on the rise curve, not the fall curve. The 'buffer adjust' control on the pH meter is used to set the position of the baseline on the recorder with the range selector on the pH meter in the expanded scale position. Sensitivity is adjusted using the scale expansion potentiometer on the recorder. The sample and wash times are IS seconds and 105 seconds respectively, giving a sample to wash ratio of 1:7 at a rate of 30 samples an hour. Drift standards are included after every tenth sample.
Twenty-four-hour specimens of urine were collected in plastic containers containing 8 g of boric acid.
Results
The precision of the assay was determined by replicate assays at three different fluoride ion concentrations and the results are presented in Table I . The accuracy of the assay was determined by adding known amounts of fluoride ion, in duplicate, to a specimen of urine. A mean recovery of 86'6 % was obtained ( Table 2) . The sample to sample carryover was assessed by the method of Broughton et al. (1974) (Fig. 3) and was found to be 2·5% or less (Table 3) . Ol< The method was compared with the manual technique of Cowell (1975) , using an equilibration time of 15 minutes, and the results are shown in Fig.  4 . Statistical analysis of these data is given in Table  4 .
The constants 'a' and 'b', described by Walker et al. (1970) , have been calculated for the total system. The peak height (y millimetres) attained at '1' seconds after the start of the rise or fall curve was 
Discussion
Earlier work (Cowell, 1975) has shown that the equilibration time of the fluoride electrode at levels Table 4 Comparison of automated method for fluoride ion concentration with manual technique of Cowell (1975) , statistical analysis of the data absorbance. The definition of the exponential factor 'b' used by Walker et al. (1970) applies to an exponential curve not a linear curve as found in this case. Consequently 'b' is defined as the 'half-wash time'-that is, the time in seconds, required to pass from E to 0'5 E. encountered in biological fluids is of the order of 15 minutes. The proposed automated procedure, with a sample time of 15 seconds, does not reach equilibration but correlates the kinetic response of the electrode to changes in fluoride ion concentration. The continuous flow system developed has been designed with careful consideration to the work of Walker et al. (1970) . The use of three double mixing coils-that is, mixing for approximately 3·5 minutes -was found to be optimum. Mixing for a shorter period of time gave low results in comparison with the manual technique. It is probable that this delay is required to release bound fluoride ion in the urine from its complexes. A closed system of debubbling has been found necessary in order to create a small positive pressure inside the flow-through cap; the combined flow rates of the return pump tubes are slightly less than the combined flow rates of delivery pump tubes. This small positive pressure counteracts any pulsation taking place in the flow-through cap, the electrode detecting any pulsation as an oscillating baseline.
The modifications to the flow-through cap of Thompson and Rechnitz ( 1972) were necessary as the Plexiglas used by them was found to have stress 'a' and 'b', where 'y' is peak height attained at time 't' seconds and 'E' is maximum peak height.
1. Rise curve a = 2'5 s, b = 5·0 s 2. Fall curve a = 2·5 s, b = 9·0 s cracks after relatively little use. Because of the low coefficient of friction of Teflon, the cap was found to open slightly during continuous use, increasing the cell volume and consequently reducing wash characteristics. By manufacturing the complete cap in Teflon and clamping the two halves together these problems were eliminated.
As the electrode has a slower response from high to low concentrations of ions than vice versa, the appropriate 'time constant' on the curve regenerator could not be determined by the recommended method which involves observation of the fall curve (Walker et al., 1972) . The fall curve produced by the fluoride electrode is elongated in comparison with the rise curve (Fig. 6 ). As the factor 'b' is identical with the 'time constant' (Walker et al., 1972) , 'b' was calculated on the rise curve with the curve regenerator disconnected; 'b' was found to be 7·0 seconds. The addition of fluoride ion to the TISAB enables a stable working baseline to be achieved, reduces sensitivity at low fluoride ion levels while increasing it at higher levels, and improves the wash characteristics (Fig. 4) . The effect of this added fluoride ion is to improve the half-wash time 'b' on the fall curve although a sample/wash ratio of 1:7 is still required. Baseline drift is minimal provided there is no large fluctuation in ambient temperature, electrode potential being a function of absolute temperature.
During the development of this automated technique the problem ofa 'noisy' baseline bas been overcome. The two main factors involved in generating the 'noisy' baseline were intermittent earthing of a bubble segemented waste stream and Iiquefication of the solid potassium chloride in the sealed reference electrode. It is important that the segmented waste stream should be allowed to drip freely to waste and not to come into contact with the side of the sink or waste container.
Replacement of faulty reference electrodes obviates the second cause. Refillable reference electrodes also produce this 'noisy' baseline and consequently are not used.
The Student's t test on the paired regression line data indicates that there is no significant difference between the pairs (Table 4 ). The standard error of the estimate (Sy), calculated from the regression equation, and the standard deviation of the duplicates (SDd), calculated from the Student's t test, gave similar values. This similarity, in conjunction with the regression coefficient 'b', confirms that the proportional and random error between the manual and automated methods is small (Westgard and Hunt, 1973) .
Addition of increasing amounts of fluoride ion to a urine (Table 2) gave recoveries in the range of 83 to 90 %. These values are in agreement with other electrode techniques for urine (Mu-Wan Sun, 1969; Tusl, 1970; Cowell, 1975) . Recovery experiments vary with individual urines, giving recoveries in the range 75 to 96 %. The lower recoveries may well be explained by the work of Cernik et al., 1970 who found that direct electrode techniques did not measure total urinary fluoride and who claimed that urine contained bound fluoride. It may be argued that a complexing agent, possibly calcium or magnesium, is binding the added free fluoride ion to give the lower recoveries, the degree of binding varying from urine to urine depending on the level of the complexing agent present.
